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ABSTRACT

The heating potentill of residential wdter
wall designs has been analyzed for many
years, Because this past work has been
confined strictly to heating potential, it
ifas understated the true energy savings
potential of wdter walls. Preliminary
performance estimates for the heating and
cooling potential of wat~r walls have
recently been mdde dvailJble by the Solar
Energy Group (0-11) .dt Los Alomos National
laboratory (l). These estimates include
the Btu displacement that is attributable
to a X)0-square foot water wall design in d

120rl-square foot residence. The design 1s
for a forced ventilation wdter wdll system
that include; the fans and ductlng ncces-
sdry to achieve a 3000-cfm flow of air.

The cooling dnd heating energy displacement
est imetes are comb Ined with appropriate
region-specific fuel prices., system costs,
and yeneral economic parameters in a life-

~Yc 1~ cost analysis of this fixed-size
wat.~r wail design, The economic indicators
used to discuss the results fnc ]u(Je npt

present value and a total cost goal, Input

data and results are presented in r.lapped
form and used to a~se$s the en?rgy $avlny$
Potcnt~al of lhe water wall in ?20 roglons
of the contlnwntal ‘Jnitrwlbtatv~.

1, INTMUDU(:TIUN——. - ..-.—....

redches a temperature of 780F . The
heating performance estimates assume that
the south wall has no net heat gain or loss,

It is important to note here that the fans
and ducting are used in the cooling mode
only, resulti~y in a forced ventilation)
water wall system for cooling and a natural
venti lation water Wall for hedting. NO
heating performance measures for a forced
ventilation design were aVdlldble to the
authors at the time of this analysis,
phys.icdl performan~e tor heating shoulu bt,
higher for a forced ventilation design than
for the natural vent l]dtibn system. There-
fore, the measures of economic performance
dnd attractiveness discusseu below should
be considered conservative,

The resfdt!n~e modeled herv repre~ent> d
li!OO-tquare foot tract home with a 50-foot
t?dSt-WeSt dimension dnd a ?O-foot” nOrth-
south dimension, The window area 1s 15% nf
the wal I area and evenly dl~:ributro. All
windows are double glazed. Infiltration is
one-half air change p~r huur. Ihr walls
and roof havp R?(3 insulation, Thl$ ~esults
in d fairly ‘ttyht’ hou$e wftll d heatin!l
load rf //UO-lltu/°F-d.sy. Iwc) fuel Usr
rrglmcs are analylrd--dli ple[trtc hcatlny
and cooling system and a gas heating systcm
tuml)IfletJ with t?lectri( rvfrlqrrativr
loollng.

I@ haw prpv tous 1y atldrr~>fvl tII(,OCIMIOM 1t
performance uf this pa~sivf, d~slqrl for
cooliog alono (7). W(’ (’0(1(Illdt$d at that
tIme that the d@\ fgn shows thr most @cunom-
1~ promlsr in rt’ylon~ with htqh (001 fllq
Iodd$, fairly low rclfttltir humldfly drld
htyh IIlo[trl( Ity prl([*\, lhr 0( IlntllllI(
p~rforman(l~ for coollng and I)oatlnq should
br brttrr than for (()(1!IIlq isIullr. 1Ill’
r~glt)n$ with youd perfor-man~r for (ut)lInq
and a ~lqtlIf1{dut IlrfltInq low toup Ird w Ith
hlqh hpfitIllqf1101 prll (~\ Wl)(jl(fol)vll)ll\lyIll,
the rog ton~ With thl, l)r\t Illtrqrtll1,(1
r[onoml( pl$rft)lmant0.



The economic calculations are based on
life-cycle costing. Al l-one time and
recurring costs and benefitt are
considered!. The cost component includes
annual payments for the design back-up fuel
cost, and other annual costs including
property taxes and operating and
maintenance expenses. The benefits
component includes the value of the energy
displaced by the design along with such
things as property tax and mo-tgage
interest deductions. The primary
determinants of the economic performance
~re conventional fuel costs and design
performance.

The ecrnomic methodology is explained in
detail in the next section. Maps
portraying the geographic distribution of
major input variables are included.

The results of the economic analysis are
detailed in the final tect ion of the
paper. Maps hre p“esented to show the net
present value and cost goals (maximum

allowable costs) associated with the two
fuel use regimes for 220 regions in the
continental US. Conclusions are offered
concerning the economic outlook for this
particular passive design.

2’. METHL)DOLt)GY—— —

One of the most important inputs to the
cco:lomlc c~lculatlons Is tbe heating and
cooling Performance of the pass~ve design.
This performance ha~ tWo
components--millions of B&u’s (mn8tu) Iodd
anri mditu load displacement fur both
heating and cooling. These inputs are
sIIown on Maps I to 4. Map I oortrays the
heating load in n!dttu. Heating Ioaus ar~
grf~atest ir, the Great Lakes regfon and
northvrn MicI-Amcrtca and smdlle$t {n
Florida and thp Gulf (rsa$t regions. 1tw
heating load dtsplaced by the water wall
design (natural vpntllat ion only) 1s shown
III Map ?. lhP solar savln!)s are gr(]mtcst
in the $outhern portion of the kocky
M(!u!ltfllns. ~~nce th~’ !s an area of htgh
hoatlng load. it r’an brI concluded that the
phyjl~flI pcrf ormaucu of tho wattr wal 1, ss
m~asurwl by d soldr savings fract tort, ft
l]v~t IIIthlt southwn lfu[ky Mount aln rq ton,

Cooling and heating loads are combined with
region-specific fuel pfices to yield an
annual fuel bill estimate for each region.
This is done for both a gas heating/-
electric cooling and all-e?ectric fuel use
regime (Maps 5 and 7, respectively).
Dollar value of the combined heating/-
cooling performance of the water wall
design is then dsed to calculate a percent
reduction in annual fuel bill. These
calculations are graphically portrayed in
Map% 6 and 8, respectively. The regions
showing the greatest percent reduction in
fuel bill dre those in which a large
proportion of the load is displaced by the
water wall and fuel prices are relatively
high,

The economic indicators calculated for this
analysis are net present v~lue and total
cost goal. The net present value is
defined as the present va?ue of the stream
of benefits associated with the water wall
design. Costs and benefits are compared on
an annual basis for 30 year~. costs
tnclude down payment (in the first year),
the annual mortgage payment, property t.iLX65

due to the solar component, operating and
maintenance expenses, and the cost of
Conventi(lnal fuel to satisfy the non-solar
portion of heating and cooling Ioaas,
Benefits ~nclude mortgage intevst fJeduc-
tlon; property tax c!edultion, applicable
tax credits, the vdlue of the conventional
fuel displaced by the water wall, acd
resale value realized in the 30th year.
Cost are subtr,’cted from benefits eacn
year. The resulting net cash flow is
sunwned for all years anrJ discounted to
yield the net present value of the design.

The total cost Qc,t! represents the maximum
(allowable) fir,t cost one cotild ;ay. This
is equivalent to a net present value of
Zr!t”o. If this were the cas~, IJ crm<umer
would be equally well off wtth either a
wdter wall (wfth backup) or a convention-
al Iy heated and coo!ed homv. Hhen th~ cost
qrsdl is vvry high Com$zarui to the available
(:lJ$t!lltItllatv,ttle desig!t WOUIIJ tw a very
good inve$tlhent. The cost goal ii cdlcul-
eted by Smmlny the ~nnual ilvd Uul tar va IUP
of heatinl and Looliny fuel displaced.
Th!> flyurl,, thv annual I?(uI fuel b] II dts -
placod, is dtvlded Ly a ffxed charge l~te
to )IPI(I tllo tulal [.LISt (1001. It rrprP-
s~nts tho present value o? the fuel cott$
displaced by the d~sign. 1he ,~conwniL
<.al{.blattons havv been brief IY explatntwl
shove. Ptorp d?tail can !)~ foul,d in Itefs. .i
anti 4. Thp resu Its of thesp calculat Ions
(portrayed in $taps Y to t,’), along wlttl
((;n( Iu$$onf il~ to their 1r,portan( e, arr
pro$oniod in tfi~ n(,xt se,t ton. The valuel
of cconoml[ p,lr.wna+trrsu>P(I ill thr analysl~
arr in[Iu(id in Iablr 1 hr low.



TABLE I

Economic Parameters

Period of 4nalysis
Down Payment
Property ‘fax Rate
Federal, State, and Local Tax Bracket
Operating and Maintenance Rate

(system costj
Annual Inflation Rate
Real Interest Rate
Real Discount Rate
Resale Rate
Annual Fuel Price Escalation Rate

Electricity
Natural Gas

Estimated Design Cost
(national average)

3. RESULTS AND CONCLUSIONS,—

By comparing the results of the annual fuel
bill calculatiof)j and reduction of annual
fuel bill, the regions with the greatest
potentfal savings can be determined, The
total dnnual fuel bills are greatest in the
northeastern portion of the US and in
western Nevada under both fuel regimes.
The fuel bill reduction Is greatest in por-
tions of the northeastern US, the Gulf
Coast, and northern Mid-America. The over-
lap of high fuel bills and greatest percent
reductfun of fuel bills occurs in portions
of the northeastern US.

Restuential fuel prices are the primcry
determinant of the outcome of the economic
analysis. Areas wtth high fuel prices are
characterized by good economic performance.

Net present values and cost goals for a
natural gas-heat(ng and electricity-cooling
fuel regime are highest in the kiest where
natural gas prices are consistently high.
For the all electric fuel regime, however,
the reg!ons of high net present value and
cost goals are scattered throughout thp US,
refiectiny th~ lack of a strong geographic
pattern for residmtlhl ele(tr!city prices,

The cost goal results compare favorably
with avai Iahle cott, estimates for this
water wall design, and we have found the
deslyn to he economlc,elly viable in about a
fourth of the regions analyzed. Our cnst
gnal estimates are conservative, however,
fur the following roascns. Tha. fuel bills
wrr~ baled ot! 19111 feel pricei, wh!ch I,ave
slnc? Increawd, Addltlonally, the heating
porformme ottlmate$ wer~ based on a
natural vent 1Iat!on rlesfgna Heating
p~rformon{ e of a fnr{ Pd vent iIat Ion deslqn

30 years
20%

3:;

1%

k
F!%

100%

2x
5X

$5800

would be better and therefore increase the
cost goals.

Extension cf this work might inc )ude
regional information concerning
characteristic fuel regime and fuel use
patterns in the econom}c analysls. Other
significant fuel use regimes should also be
considered. rhese ddditionai elements
would help target the most promisinq areas
of the country for introduction of the
water wall design,
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